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HAITOEAL ADVTSOEH: CCWMi’PlfEE FOE AEBOEADTICS 
EESFAEIGS Mii££GERAXiUUM 

COMEOHEHT AHD OVER-AIi PEEtFOEMAHCE EVAniASPIOE OF AU AZIAL-FLOff 
TDEBOJUT Emms OVER A EAffGE 0 (P EHOmE-IHLET 
EEmOEDS EOMBEES 


By Curtis L. Walker, S. C. Huntley 
aoi W. M. Bralthwalte 


SOMtAEfT 

An investigation vas coniuoted in an altitude test ohaniber at the 
KACA Lewis laboratory to evaluate the performance of an axial-flow 
turbojet engine over a range of engine -inlet EaynolfiLs numbers.' Ihe 
range of Reynolds numbers investigated provided data wbicb were appli- 
cable over a range of altitudes from 10,000 to 50,000 feet at a f T 1 ght 
Mach niamber of 0.7} 100 percent ram-pressure recovery was assumed. 

Eeducing the engine inlet Eeynolds number resulted in a reduction 
of corrected air flow and compressor efficiency but did not affect the 
ocmpreseor pressure ratio at a given ocorreoted engine speed. The 
decreased caapressor efficiency required an increase in turbine power 
that resulted in an increase in ecxhaust-gss total tesperature. 

Combustion efficiency is presented as a function of a combusticsi 
parameter. At low values of this parameter, Tdilch corresponded to low 
Reynolds number operation for this investigation, combustion efficlenfcy 
decreased very rapidly. As a result of the conhined effects of decreased 
compressor efficiency and combustion efficiency, the reduction in engine- 
inlet Reynolds number resulted in an increased fuel flow. At rated cor- 
rected engine speed this increase was about 12 percent. 

A method is presented whereby conventional performance variables 
sudi as net thrust anfl specific fuel consunption may be obtained for 
any fll^t condition within the range of Reynolds numbers investigated. 
The Increased exhaust-gas temperature caused an increase in tail-pipe 
total pressure which offset the decrease in corrected air flow and thus 
produced a generalization of the thrust parameter. 


nrnRaDucnmoH 

In previous altitude-performance evaluations (for example, refer- 
ence l), data were obtained over a range of altitudes and fli^t Mach 
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numbera and -were generalized by the use of the conventional temperature 
and pressure factors as described in- reference 2 . Failure of the per- 
formance variables to generalize for all altitudes and fli^t Mach, num- 
bers, over the range of engine speeds -where sonic f lew jeiists In the 
exha-ust nozzle, has been shown -bo result from, ei-fcher a Reynolds number 
effect or a variation in combustlan efficiency (reference 3). 

Ihe investigation, conducted over a range of altitudes and flight 
Mach numbers, produced data which were of limited applicability. Olhe 
present investigation of -the component an(l over-all performance charac- 
teristics of an axial -flow turbo Je-c engine of current interest was 
therefore conducted over a range of engine -inlet Eeynolds numbers at the 
NAOA Lewis laboratory. In order to simplify operation, Eeynolds number 
index, which is proportional to Eeynolds number at a given corrected 
engine speed and is a function only of engine-inlet total pressure and 
temperature, was used Instead of Eeynolds number. Because departures 
from established generalization may be Investigated directly and pri- 
marily by»-fahis method, fewer data are required and are applicable -to an 
extensive range of fli^t conditions. 

Data were obtained over a range of Reynolds number indices from 0.2 
to 0.95 which produced data which were applicable over a range of alti- 
tudes from 10,000 to 50,000 feet at a flight Mach number of 0.7. Com- 
pressor, combustor, turbine, and over-all engine performance data are 
presented over the range of Eeynolds number indices investigated. The 
trends of over-all engine performance are discussed -with reference to 
the Reynolds number effects on the component performance . Combustion 
efficiency is presented as a function of combustor -inlet conditions over 
the range of engine-inlet conditions and engine speeds investigated. 

The data obtained in -this Investigation pro-vlde a means of predict- 
ing the performance at any fll^t condition for which critical flow 
exists in -the eochaiost nozzle. . Au example is included to- lllus-brate Uae 
method of obtaining conventional performance parameters such as net 
■thrust specif ic fuel craisumption for a given fll^t condition from 
the data presented herein. Because the data presented in this report 
are valid for only one exhaust -nozzle area, an example of a me-thod of 
adjusting the performance da-ta for small variations in exhaust -nozzle 
area is also presented. 


APPAEATOS 

Engine 

A J35-A-29 axial-flow turbojet aaglne which had an 11-stage com- 
pressor, a pressure ratio of 5.25:1 at the rated engine speed of 
8000 rpm, eight tiibular combustion chambers, and a single-stage 
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turbine (fig. l) , was investigated. This engine was a preproduction 
model of the J35-A-29 engine and had the same power section as the 
J35-A-33 engine. A fixed conical exhaust nozzle having a diameter of 
18.CXD iO.Ol inches at 60° F was installed on the engine. This nozzle 
is designed to produce a tail-pipe gas temperature of 1300° F (1760° R) 
at rated engine speed and static sea- level conditions . At these opera- 
ting conditions and when inlet screens are used, the manufacturer guar- 
antees a rated thrust of 5400 pounds with a specific fuel consumption 
of 1.06 pounds per hour per pound of thrust and an estimated air flow of 
91 pounds per second. The rated thrust without inlet screens would he 
5600 pounds . The maximum dimensions of the engine are a 37 -inch diameter 
and a 146-inch length. The dry engine wel^t without starter generator 
and tachometer generator is 2305 pounds. 

The automatic fuel control for the engine was replaced with an 
adjustable pressure-control valve to allow a wider range of operation 
and full throttle seDosltlvlty at high altitude. An aluminum bullet- 
type accessory cover ard. bell cowl (fig. l) were Installed at the com- 
pressor inlet to obtain a smooth air flow into the compressor.. 


Altitude Chamber 

Qhe altitude chamber in which the engine was Installed is 10 feet 
in diameter and 60 feet long (fig. 2). A honeycomb is installed in the 
chamber upstream of the test section to stral^ten .^nd smooth the 
flow of inlet air. The front bullhead, which Incorporated a labyrinth 
seal around the forward end of the engine, was used to prevent the flow 
of conhustlon air directly into the exhaust system and to provide a means 
of maintaining a pressure difference across the engine. A 14-lnch 
butterfly valve was installed in the front bulkhead to provide cooling 
air for the engine compartment. A rear bulkhead was installed to act 
as a radiation shield and to prevent recirculation of exhaust gases 
about the engine. 

Air is supplied to the inlet section of the engine throu^ a supply 
line from the laboratory air system. Combustion air can be obtained 
from this system over a range of temperatures from -70° to 85° F. Snail 
changes in the inlet -air temperature are obtained by the use of electric 
heaters Installed in a bypass line upstream of the chamber. The inlet 
and exhaust pressures are controlled by means of remote- control valves' 
in the supply lines and the exhaust lines, respectively. 

The exhaust gases from the Jet nozzle are removed from the exhaust 
section of the altitude chamber throu^ a diffusing elbow and a dry- 
type primary cooler. A dry- type secondary cooler downstream of the 
exhaust valves further cools the hot gases before passing them into the 
laboratory eadiaust system. 


I 


4 


BACA EM E52B08 


mSTEDMEKTATION 

The locations of the Instrumentation stations, "before and, after 
each of the principal components of the engine, are shown in figure 3 . 
The detailed arrangement of the separate temperature and pressure pro"bes 
at each station is shown in figure 4 for those stations at which data 
are presented herein. 

Engine-inlet pressure and temperature were set for a glyen run 
according to the readings of the instrumentation at station 1. The tem- 
peratures and pressures measured at station 2 were used in calculating 
the altitude correction factors 0 and S, and the compressor air-flow. 
(All symhols are defined in the appendix.) Pressure and temperature 
Instrumentation was also Installed to determine engine midframe alr- 
"bleed. The engine-air flow was eq.ua! to the air -flow measured at sta- 
tion 2 minus the air "bled off at the midframe. Comhustor static pres- 
sure was o"btalned at station 4 from static -pressure taps in combustors 2 
and 6 . One total-pressure prohe was located approximately in the center 
of each of the elg^t transitions from the comhustor to the turbine at 
station 5. Pressure and temperature probes at each station, except 
station 7, were so located that a mean "value of temperature or pressure 
could he obtained directly hy averaging the individual readings . At 
station 7, the average values of total temperatiu*e and pressure were 
obtained from plots of the temperature and pressure profiles, and static 
pressure was obtained from a mechanical average of four wall -static 
orifices . These measurements at station 7 were used to calculate jet 
thrust . 

The atmospheric pressure surrounding the jet -nozzle was measured by 
two probes located near the jet-nozzle outlet in the exhaiist portion of 
the chamber. In order to Improve the accuracy of data and the ease of 
operation, two calibrated aneroid manometers (one hl^ pressure and one 
low pressure) were used to set inlet and exhaust pressures j and an elec- 
trically operated Btro"botac was installed to assist in maintaining 
constant engine-speed settings. 

Fuel flow was msasured by two rotameters connected in series j two 
rotameters were necessary to cover the entire range of flows and to keep 
the physical size at a minimum. The rotameters were calibrated with the 
fuel used in the investigation (MIL-P-5624A, grade JP-3). 


PEOOEDUEE 

Eeynolds number index, a function only of temperature and pressure, 
is defined by the expression 82 /^ 3 "'/® 2 * derivation of this expres- 

sion is presented in reference 4 where 82 is idle ratio of compressor - 
inlet absolute total pressure to absolute total pressure of BACA 
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standard aianospliere at sea level; Sg ratio of oompress or -inlet 

k absolute total teinperature to alsaolute total temperature of HACA stan- 
dard atraospliere at sea level; and ^ ’**-® i*atio of viscosity at tlie 

oompreBSor-inlet total temperature to viscosity at HACA standard sea- 
level temperature. 

The inlet conditions we3re varied to coi?respond to Eeynolds number 
indices from 0.2 to 0.95. For each inlet condition the erhaust pres- 
sure -was reduced to the minimum of the exhaust system -with the engine 
operating at rated speed. The inlet temperature and pressure anfl , the 
exhaust pressure were then maintained while data were taken over a range 
of engine speeds from rated speed to approximately the speed where tbe 
exhaust nozzle was barely choked. A summary of the operating conditions 
covered in the investigation is given in the following table: 


Reynolds 

number 

index 

Inlet 

total 

temperature 

(°E) 

Inlet 
total 
pressure 
(Ib/sq ft) 

Ham- 

pressure 

ratio 

0.2 

405 

310 

1.45 

.3 

405 

465 

1.4 

.4 

405 

610 

1.4 

.4 

465 

740 

1.78 

.4 

465 

740 

2.18 

.5 

465 

923 

1.78 

.5 

465 

923 

2.22 

.6 

465 

1100 

1.78 

.95 

520 

2000 

2.32 


As shown in the table, three ram-pressure ratios ^ 2/^0 were used at a 
Eeynolds number indat of 0.4 and two at 0.5 to verify the generalization 
with exhaust -pressure variation. At a Eeynolds number index of 0.4, two 
sets of inlet conditions were used to determine whether there were any 
effects of temperature and pressure other than those of Eeynolds number 
variations . 


EESDLTS AHD DISCDSSIOH 

The performance data obtained in this Investigation were corrected 
to standard sea-level conditions in the oonvOTitional manner (reference 2) 
and are presented in table I . Generalization of data for various engine - 
inlet conditions that give the same Reynolds number index requires choked 
flow in the exhaust nozzle. The range of engine speeds over idiich the 
exhaust nozzle of the engine was choked is shown in figure 5 for a range 
of altitudes and fli^t Mach numbers. At all altitudes, this minimum 
corrected engine speed at which choking occurred decreased linearly 
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from about 7750 rpm at a flight Mach numher of 0.2 to about 5450 rpm 
at a flight Mach number of 1.3. The data of this report may be used 
to determine performance only at flight conditions in the choked 
region above this curve. 

In order to aid in deteimlnlng the EeynoMs nuniber index corres- 
ponding to_a given flight condition and thereby dete rmin e the engine 
performance at NACA standard altitude conditions from the generalized 
data presented, the values of b, 9, and Eeynolds number index are 
given in table II for a vide range of flight conditions; 100 percent 
ram-presaure recovery vas assumed. 


OompresBor Performance 

Compressor performance characteristics are presented in figure 6 
for the range of Reynolds number indices investigated. The decrease in 
compressor efficiency encotintered with the reduction in Eeynolds number 
index is shown in figure 6(a) . The peak compressor efficiency occurred 
at a corrected engine speed of about 7000 rpm for all Eeynolds number 
indices investigated and decreased from. 82. percent to 78 percent as 
Reynolds number index was decreased from 0.95 to 0.2 (corresponding to 
an increase in altitude from 10,000 to 50,000 ft at a flight Mach num- 
ber of 0.7). Corrected compressor air flow is shown as a function of 
corrected engine speed over the range of Eeynolds niimber Indices investi- 
gated in figure 6(b). At Eeynolds number indices of 0.4 and above, 
corrected air flow generalized at corrected engine speeds below about 
7200 rpm. At a corrected engine speed of 8000 rpm, the corrected ccm- 
pressor air-flow decreased from 90.7 to 86.0 pounds per second as 
Eeynolds number index was decreased from 0.95 to 0.2. The ratio of 
midframe air-bleed to compressor air flow is presented in figure 7 as 
a function of the ratio of compressor outlet total pressure to ambient 
static pressure. The engine air flow is equal to the compressor air 
flow minus the midframe air-bleed. The decreetse in efficiency and^alr 
flow will shift the campressor operating point (equilibrium point with 
the turbine) because of the increase in work required of the turbine. 

The amcfunt of this shift is illustrated in figure 6(c). Although the 
compressor operating lines shifted as Eeynolds number index was reduced, 
the simultaneous decrease in air flow and Increase in turbine-inlet 
temperature due to the loss in efficiency was such that the variation 
of compressor pressure ratio with corrected engine speed generalized 
for all Eeynolds number Indices investigated as shown in figure 6(d). 


Combustor Performance 


Tarlation of the total -pres sure -loss ratio across the ccsnbustor 
with corrected engine speed is shown in figure 8 (a). Over the range of 
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engine speeds invest igated, the total-pressure -loss ratio decreased with 
increasing corrected engine speed with no apparent effects of Eeynolds 
number index. Ccaabustion efficiency (fig. 8 (b)) was found to generalize 
with the parameter P 4 ^A?a ,3 is proportional to a oombustlon 

parameter derived in reference 5. At a combustion parameter value above 
300,000, the correlation was within ±.0.025 and a constant combustion 
efficiency of about 0.94 was indicated. At lower values of the conibus- 
tion parameter, combustion efficiency dropped rapidly and the data 
scatter was approximately doubled. Erom these data, it is concluded 
that for the Eeynolds number indices and the corrected engine speeds of 
this investigation, the effects of fuel-air ratio and fuel-spray pattern 
were secondary. Ihe dashed curve in figure 8 (b) shows the results of a 
subseq.uent investigation (reference 6 ) in which modified combuetor liners 
had been installed and indicates an improvement in canbustion efficiency 
of about 0.03 over a large part of the operable range. These modified 
liners are designated "smokeless” liners by the manufacturer are 
standard on the production models of the engine. 

In order to use figure 8 (b) for predicting combustion efficiency 
under altitude operating conditions, the variation of the teim 3 

with corrected engine speed and Eeynolds number index must be evalxiated. 
In order to facilitate this evaluation, a generalized plot of 

P 4 ^/tfa 38 V® against corrected engine speed for the various Eeynolds 
number indices is presented in figure 8 (c) . 


Turbine Performance 

Turbine total -pressure ratio (fig. 9(a)) generalized for all ocaadi- 
tions at the hl^ corrected engine speeds but the data scattered at the 
lower engine speeds investigated. Turbine efficiency (fig. 9(b)) remained 
nearly constant at about 0.81 over the engine-speed range investigated at 
Eeynolds number indices above 0.4. Eeducing the Eeynolds number index 
to 0.3 and 0.2 lowered the efficiency by 0.01 and 0,03, respectively. 

The corrected turbine gas flow (fig. 9(c)) was constant over the range of 
corrected engine speeds investigated and no Eeynolds number effect was 
obtained. The constant corrected gas flow resulted from, the turbine noz- 
zle being choked over this range of engine speeds and indicates that 
within the accuracy of the data there was no apparent reduction in effec- 
tive turbine -nozzle area due to a Eeynolds number effect. The decrease 
in turbine efficiency at the low Eeynolds number indices is believed to 
have been the result of a shift in the turbine operating point and a 
Eeynolds number effect. 



8 


NACA EM E52B08 


Generalized Engine Perfoi^manoe 


The effect of Eeynolds number index on generalized engine perform- 
ance is shown in figure 10. Corrected exhaust-gas total temperature 
(fig. 10(a)) Increased with a reduction in Reynolds numher index, toie 
increase at any given corrected engine speed was 130° R with a reduc- 
tion in Reynolds nuniber index from 0.5 to 0.2. Kiis increase in cor- 
rected exhaust-gas total temperature is the result of a shift in the 
engine operating point caused primarily hy the decrease in compressor 
efficiency and turbine efficiency. At corrected engine speeds above 
about 7000 rpm, the corrected fuel flow (fig. 10(b)) generalized for 
Reynolds number indices from 0.95 to 0.4 and increased at the lower 
values of Reynolds number index. This increase resulted from the 
req.Tilred rise in exhaust-gas temperature and the decrease in combus-i 
tion efficiency at low Reynolds number indices. The increase in 
corrected fuel flow at rated corrected engine speed was approximately 
12 percent as Reynolds number index was reduced from 0.4 to 0.2. 


The effect of Eeynolds number index on the engine pumping character- 
istics is illustrated in figure 10(c), which also includes lines of con- 
stant corrected engine speed. These constant-speed lines were obtained 
from figure 10(a) by using the relation that the engine total-temperatiire 
ratio is eq.ual to the corrected exhaust -gas total temperature divided by 
NAGA sea -level standard temperatiire . As the Reynolds number index was 
reduced, the pumping-characteristic curves shifted in the direction of 
increased engine total -temperature ratio at a given engine total -pressure 
ratio. This shift in the curves reflects the reduced efficiency of the 
compressor and turbine. At a given corrected engine speed, a decrease in 
the Reynolds number index resulted in an increase in engine total- 
temperature ratio with an accompanying slight rise in engine total -pressure 
ratio. The combined effect of these increases in temperature and pressure 
ratios and the decreased air flow was such as to produce no apparent 
Eeynolds number effect on the corrected Jet-thrust parameter (fig. 10(d)). 
The Jet -thrust parameter therefore generalized throu^out the range of 
the Eeynolds number indices and corrected engine speeds investigated. 

The conventional performance variables such as net thrust and spe- 
cific fuel consumption can be obtained for any flight condition directly 
from the data which have been presented. An example is presented in the 
appendix to indicate the technique for thus applying the data. 

The following comparison has been made between the manuf actiirer ' s 
rated values for sea-level static conditions, the manufacturer's call- . 
bration, and the results of this Investigation by utilizing this 
technique of transfo rmin g the data; 
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Manufacturer ' s 
rated values 

Manufacturer ' s 
calibration 
with 

afterbinner 

Present 
inves t Igat ion 

Inves tlgat ion 
corrected to 
exhaust -gas 
total tem- 
perature of 
1300° F 

Engine speed 

8000 

8000 

8000 

8000 

Thrust (lb) 

5400 

5250 

5100 

5465 

Specific fuel 
consumption, 
( Ib/hr \ 
yib/thrus-y 

1.06 

1.09 

1.11 

1.05 

Turbine- out let 
total 

temperatiire 

(Oj.) 

^■1340 

1285 

1245 

1300 

Air flow 
(ib/sec) 

^89 

— 

89.6 

89.8 


^Mazimum peimlseable operating temperature j normal limiting temperature 
1b 1300° F for an Inlet temperature of 60° F. 

^Estimated . 


33ie performance values in the second column were obtained 17 the manu- 
facturer during a sea-level calibration of the engine used for the pre- 
sent investigation. Ehis performan.ce calibration b 7 manufacturer was 
made with a short afterburner installed on the engine and at a turbine- 
outlet total temperatirre of only 1285° F as compared with. 1300° F spe- 
cified for the performance. Conseq.uently, the thrust obtained was about 
3 percent below the rated value. Had the turbine -outlet temperature 
been between 1300° and 1340° F, the thrust would have exceeded the 
manufacturer's rated value. 

Ghe values shown in the third column of the table were tahen directly 
from the data presented herein. Because the turbine -out let temperature 
was only 1245° F, the thnist fell nearly 6 percent below the rated value 
and the specific fuel consumption was nearly 5 percent above the rated 
value. Th.es e performance values were adjusted to a turbine -outlet tem- 
perature of 1300° F by means of the engine pumping characteristics and 
the results are shewn in the last column of the table. The technique 
u.tillz.ed to adjust the perfoimance for small changes in exhaust-gas 
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temperature and consequently exhaust -nozzle area Is explained In the 
appendix. Ihis adjusted perfoimiance met the manufacturer's rated 
values . 


C0FC3LnDIEfG- RE3MAEKB 

An investigation of an axial -flow turbojet engine has sho-wn that 
reducing the engine -inlet Reynolds number has a detrimental effect on 
engine performance. The Reynolds mmxber variation investigated cor- 
responds to a variation in altitude from 10,000 to 50,000 feet at a 
fll^t Mach number of 0.7. A reduction in engine -inlet Reynolds number 
produced a reduction in compressor efficiency and air flow but did not 
affect compressor pressure ratio at a given corrected engine speed. The 
reduced compressor efficiency required an Increase in turbine power for 
each pound of air handled. This power Increase was accompanied by an 
increase in engine fuel-air ratio and an attendant increase in turbine - 
inlet temperature. At low engine -inlet Reynolds numbers a sli^t 
decrease in turbine efficiency occurred, which is attributed to the com- 
bined effect of the shift in turbine operating point and the reduced 
Reynolds number. !Ehe higher turbine temperature obtained at low engine- 
inlet Reynolds numbers produced a hi^er corrected tail-pipe pressure; 
together, these offset the decrease in corrected air flow and thereby 
resulted in a generalization of the thrust parameter. 

Combustion efficiency was presented as a function of a combustion 
parameter which la based on the assumption that efficiency is propor- 
tional to combustor -inlet pressure temperature and Inversely pro- 
portional to inlet velocity. At low values of this parameter, which in 
general correspond to low engine-inlet Reynolds number operation, the 
combustion efficiency dropped very rapidly. The combined effects of 
decreased combustion efficiency and compressor efficiency, resulted in 
an Increase in engine fuel consumption at low inlet Reynolds numbers. 

At rated corrected speed this Increase amounted to about 12 percent. 

The presentation of combustion efficiency as a function of 
combustor-inlet conditions and of engine performance parameters as a 
function of Reynolds number allows the determination of performance of 
this engine for any fll^t condition within the limits of the engine - 
inlet Reynolds numbers investigated. 


Lewis Pll^t Propulsion Laboratory 

National Advisory Ccmmlttee for Aeronautics 
C le ve land , Ohl o 
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APEEHIDIX: - CALCOLATIOMB 
Q3ie following symbols ane iised in tills report; 
area, sq. ft 

actual Vg 

affeotlTe Telocity coefficient, 

, " Ideal Vg 

specific beat at constant pressure 
net thrust, lb 
Jet thrust, lb 
fuel-air ratio 

acceleration due to gravity, ft/sec^ 

enthalpy, Btu/lb 

f ll^t Mach, number 

engine speed, rpm 

total pressure, Lb/sg. ft 

static pressure, Ib/sq. ft 

gas constant, ft-lb/(lb)(°E) 

total temperature, °E 

static temperature, °E 

Telocity, ft /sec 

ILaR 

effective velocity, Vj + (Pj-Pq). ft/sec 

air flow, Ib/sec 
fuel flow, Ib/hr 
gas flow, Ib/sec 
ratio of specific heats 

ratio of total pressure to NACA standard sea-level pressure, 
2116 Ib/sq. ft 


6 
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’Ic 

9 


combuBtion efficiency 
oatnpressor efficiency 
turbine efficiency 

ratio of total temperature to BACA standarcL 
519° E 


eea-level temperature^ 


0 


ratio of coefficient of viscosity corresponding -with, total tem- 
perature to coefflcieni; of viscosity corresponding wltli BACA 
standard sea-level temperature, 519° E. lEhis ratio la a 


function only of temperature and is equal to 


T+216 


Subscripts : 
m midframe 

n nozzle 

J Jet 

0 ambient 

1 bellmoutb inlet 

2 compressor Inlet 

3 compressor outlet or combustor inlet 

4 combustor 

5 combustor outlet or turbine inlet 

6 turbine outlet 

7 eadaaust -nozzle inlet 


Methods of Calculation 

Jet-tbrust parameter. - Ehe Jet thrust vas determined from the 
measured air flow, the measured total-to static pressure ratio at the 
eacbaust nozzle, and an estimated effective velocity coefficient of 
0.98, by using an effective velocity parameter which, for critical flow, 
is equivalent to 
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F 


3 










Aj(Pj-Po)| 


■wtere Aj is the effective throat area of the Jet anri pj 
pressure at that location. Uhat is, 


and 



is the static 


The Jet-thrust parameter is defined hy the expression (Fj+PqA^)/ 62 , 
■where is "the hot area of ■the exhaust nozzle obtained from, "the cold 

area, measured skin temperature, and -the coefficient of expansion of "bhe 
material. When using ‘the Jet-^thrust-parameter curve to find Jet -th 2 rust, 
it is suggested -that an average hot area of 1.78 square feet he used 
instead of ‘the cold area of 1.765 square feet for A^. 


Gorrecting test values to f lig^ht conditions . - let it he assumed 
■fahat it is desired "bo determine the performance of "this engine at an 
SAGA standard altitude of 40,000 feet, a flight Mach number of 0.6, and 
an actual engine speed of 7500 r’pon. Talues of 62 , 82 ^ Eeynolds 
number index of 0.2364, 0.8118, and 0.3065, respectively, can he obtained 
from, table II. 


Then •the corrected engine speed is 


N 7500 

■y/e^ ^ VO. 8118 


7500 

0.9010 


= 8324 rpm. 


■UhR valxies for "bhe -various parameters -wdll be taken from, -the curves 
in this report at -this corrected engine speed and a Eeynolds number index 
of 0.3. From figure 6 ( 0 ), corrected compressor air flow 

equals 89.4 pounds per second. Then actual compressor air flow is 


W, 


a , 2 


Aa,2V^ \ ^2 

V ^ 


89.4(0.2364) 

0.9010 


ss 23.5 Ib/sec 
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At a Mach numher of 0.6, the ram-pressure ratio ^ 1.276. 

In figure 6 {ii), the compressor pressure ratio ^ 3 /^ 2 ^ given £is 5.5; 
this gives 


PO 



7.01 


In figure 7, the ratio of the mldframe air hleed to compressor air f low 
is 0.0185. Therefore, the engine air flow is 


, = 0.9815 - = 23.1 Ib/sec 

£L^ O cL^ u 


In figure 8 (c), the corrected combustion parameter 2 ^ 2 "^^^ 

r*. i.rti *1 LJ i J f 


is 146X10^. The comhustion parameter is 


w_ 


w. 


a, 3 


P4^ 


(SgV^) « 146X10^X0.2364X0.901 = 311,000 


In figure 8 (h), this value corresponds to a comhustion efficiency of 0.94. 

In figure 10(a), corrected exhaust-gas total temperature Py/02 
equals 1915° E and the actual exhaust-gas total temperature is 

T.^ = 1915X0.8118 e 1555° E 

In figure 10(h), corrected fuel flow W^/&V^ 1® given as 

6600 pounds per hour. Then the actual fuel flow is 

Wf « (6600)(0.2364)(0.9010) = 1406 Ih/hr 

In figure 10(d), the Jet-thrust parameter (®’j+Pq\i )/82 
9350 pounis. The Jet thrust is 

= 9350 Sg-PoA^ « 9350X0.2364-391.9X1.78 = 1512 Ih 

where Pq Is 391.9 pounds per aguare foot, the static pressure at 
40,000 feet, and is 1.78 square feet as explained previously. At 

an altitude of 40,000 feet the speed of sound is 971 feet per second 
and a Mach numher of 0.6 corresponds to an air speed of 583 feet per 
second. The inlet momentum is, therefore, 

^ ''o - US " *25 
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(-■ 


and tlie net thrust Is 



1512-425 B 1087 Ifa 


ITet thzTJst speciTic fuel oonsumptlon Is 


F 


1406 

1087 


= 1.29 lh/(hr)(lh thrust) 


Test values corrected to ejdiaust-gas total tengerature of 1500° F . - 
In RESULTS AND DISCUSSION values are given for rated engine conditions^ 

■which -were corrected "fco an exhaust-gas total temperature of 1300° F (1760° R) 
Instead of the 1245° F (1705° R) obtained from, figure 10(a) for standard 
sea-level conditions . This difference in temperature ■was due to a ram - 
pressure-ratio effect ■which hecomes negligible above a ram pressure ratio 
^l/PO °^ This ram-pressure-ratio effect is due to a variation in the 

effective exhaust-nozzle area or flow coefficient ■with nozzle pressure 
ratio . The method used to adjust the rated performance at standard sea-level 
conditions, which is given in the foUo^wing discussion, applies equally 
well for similar small changes in turbine-outlet temperature or effective 
exhaust-nozzle area at any other fli^t conditions. 


At rated engine speed and standard sea-level static oonditlons, the 
maximum exha^ust-gae total temperature should have been 1760° Rj the 
resulting engine total -temperature ratio Ty/lg 'would have been 

1760/519 or 3.39. If -bhe pumping-character is tic curve (fig. 10(c)) is 
entered at a Reynolds n'umber index of 0.95 and at this value of temper- 
ature ratio, the engine total-pressure ratio P 7 /P 2 2.01. Exhaust- 

nozzle-inlet total pressure is 'then found to be 

P7 

m — = (2.01) (2116) « 4253 Ib/sq ft 

I Fg 


It is assumed that the small change in engine total-pressure ratio 
from ■the actual value of 1.96 to the new value of 2.01 does not change 
■fche compressor operating point enou^ to appreciably change 'the air flow. 

fuel flow, air flow, and engine to’bal-temperature ratios can be 
found for the actual operating conditions at ■the desired inlet condi- 
tions (in ■this case standard sea-level temperature and pressure) over a 
range of engine speeds by using "the technique e:^lained in "the prevlo'us 
example. Wi'th ■these values, a plot can be made of fuel-air ratio against 
engine to'bal-temperatxire ratio, as shown in figure 11. This plot yields 
■the fuel-air ratio for ■the desired engine ■temperature ratio, in this 
case, f = 0.0177. Ttiia curve was based on "the assumptions -that Tg was 
constant and that for a small change in Ty/Tg, Cp and ■were con- 

stant. The ratio of specific hea'ts 7 y of the exhaust gases ■was taken 
consistent with temperature and fuel -air ratio (reference 7) . In -this 
case, -with Ty » 1760° E and f = 0.0177, 7 eguals 1.323. 
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Midframe air iDleed -vraa oTitained from, figure 7, in this case 
^a,2 “ POTinds per second; Wa^s « 2“0.01 Vg, 2 = 69-8 pounds per 

second. If these values are used in the equations ^preTio us ly discussed. 


A. = 



(1.0177)(89.8) 
323) (32. 17) 


53.4 


i. 323+1 


1.323-i\^^^*^23-1) 


/. 1.323 -A 


1.695 sq^ ft 


1.323 


p. =: 4253 


/ 2 

i 1.323+1 J 


2297 Ib/sq. ft 


and 

Fj = 0.98 ^(1. 


0177)(89.6)^/. ( g|i. ^ . ) . ^ (1760) 


1.695( 2297-2116 )|- « 5465 lb 
Fuel flow was determined from the relation 


1 - f'-i-)' 

l2.323y 


Wf = (f)(Wa)(3600) = 0. 0177(89. 8)(3600) = 5715 Ib/hr 
and net thrust specific fuel consumption was determined as 


Ik. 5715 
F “ 5465 


= 1.045 lb/(hr)(lb thrust) 


In correcting data of this report at any flight condition for the 
effect of such a change in nozzle size: 


( 1 ) Assume that corrected air flow plotted against corrected engine 
speed does not change with small changes in exhaust-gas pressure and 
temperature . 


( 2 ) Plot fuel -air ratio against engine temperature ratio as explained. 

( 3 ) The family of curres of corrected exhaust-gas toted temperature 
against corrected engine speed should be so adjusted that, at a speed of 
8000 rpm. and a Eeynolds number index of 0.95, the corrected exhaust-gas 
total temperature is 1760° R. The new temperature -speed curves should 
be drawn parallel to and spaced the same as the curves in figure 10(a). 


(4) Thrust, fuel flow, and specific fuel consumption can be deter- 
mined throughout the range of engine speeds by using this new curve 
together with the engine pumping oharacteristloe, as shown by the example 
for rated speed at sea-level static conditiona . 
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TABLE I - PERFORMANCE AT VARIOUS 


Run 

Reyn- 

olds 

number 

Index 

5 

Ram 

pressure 

ratio 

P2 

Po 

Com- 

pressor- 

inlet 

total 

pressure 

P2 

Com- 

pressor 

Inlet 

total 

tempera- 

ture 

T2 

(°R) 

— 

Com- 

pressor 

total 

pres- 

sure 

ratio 

P3 

Com- 
pressor 
dis- 
charge 
total 
tempera - 
ture 

■^3 

(PR) 

Com- 

bustor 

total 

pres- 

sure 

loss 

ratio 

P3-P5 

Cor- 

rected 

com- 

bustor 

static 

pres- 

sure 

P4 

T5i 

/ lb A 

Calcu- 
la ted 
tur- 
bine 
Inlet 
total 
tem- 
pera- 
ture 

T5 

C°R) 

Tur- 

bine 

total 

pres- 

sure 

ratio 

P5 

Ti 

Engine 

total 

tem- 

pera- 

ture 

ratio 

T7 

T5 


Isq i tj 

P3 

[sq rtj 

1 

0.204 

1.462 

313.9 

408 

2.646 

587 

0.0497 

5,350- 

1060 

2.337 

2.12 

2 

.199 

1.526 

311.1 

412 

2.969 

606 

.0503 

5,992 

1090 

2.450 

2.15 

3 

.201 

1.513 

313.8 

412 

3.349 

627 

.0438 

6,777 

1180 

2.506 

2.32 

4 

.206 

1.438 

315.4 

406 

3.424 

626 

.0454 

6,922 

1240 

2.435 

2.52 

5 

.205 

1.437 

314.3 

406 

4.397 

683 

.0412 

8,956 

1520 

2.446 

3.13 

S 

.206 

1.434 

315.7 

406 

5.112 

725 

.0366 

10,460 

1740 

2.453 

S.S9 

7 

.204 

1-415 

312.8 

407 

5.636 

761 

.0363 

11,510 

1900 

2.486 

3.92 

g 

.202 

1.422 

310.4 

408 

6.066 

807 

.0356 

12.370 

2050 

2.527 

4.26 

9 

0,316 

1.380 

473.6 

400 

2.815 

580 

0.0435 

5,706 

1040 

2.355 

2.11 

10 

.306 

1.384 

463.6 

403 

3.497 

622 

.0457 

7,079 

1205 

2.481 

2.59 

11 

.305 

1 .405 

462.6 

403 

4.589 

682 

.0396 

9,328 

1505 

2.494 

5.06 

12 

.304 

1.403 

463.8 

405 

5.136 

718 

.0348 

10,490 

1665 

2.498 

3.41 - 

13 

.306 

1.402 

463.7 

403 

5.605 

751 

.0346 

11,440 

1880 

2.504 

3.84 

J4 

.305 

1.420 

461.9 

403 

6.021 

794 

.0545 

12.290 

2035 

2.540 

4.18 

15 

0.406 

2.190 

737.9 

462 

1.859 

601 

0.0561 

3,702 

775 

2! 394 

1.35 

16 

.404 

1.782 

740.9 

465 

2.327 

637 

.0481 

4,684 

957 

2.421 

1.66 

17 

.406 

2.187 

738.2 

462 

2.293 

632 

.0526 

4,580 

918 

2.486 

1.61 

18 

.408 

1.413 

628.8 

408 

2.642 

580 

.0439 

5,350 

995 

2.328 

1.99 

19 

.401 

1.776 

739.3 

467 

2.895 

678 

.0430 

5,861 

1143 

2.507 

1.95 

20 

.409 

1.414 

625.9 

406 

3.395 

620 

.0456 

6,876 

1160 

2.452 

2.35 

21 

.404 

2.155 

736.3 

463 

3.391 

706 

.0465 

6,856 

1315 

2.499 

2.27 

22 

.401 

1.777 

740.0 

467 

3.739 

735 

.0434 

7,575 

1440 

2.516 

2.47 

23 

.412 

1.418 

623.7 

403 

4.483 

675 

.0404 

9,101 

1465 

2. 508 

2.93 

24 

.406 

1.776 

739.5 

463 

4.824 

795 

.0367 

9,823 

1750 

2.512 

3.11 

25 

.404 

2.161 

732.0 

461 

4.967 

799 

.0369 

10,130 

1785 

2.507 

3.19 

26 

.412 

1.421 

621.6 

402 

5.360 

729 

.0348 

10 , 940 

1725 

2.526 

3.49 

27 

.405 

1.784 

742.3 

465 

5.513 

855 

.0347 

11,250 

2055 

2.522 

3.61 

28 

.406 

2.164 

732.7 

460 

5.654 

855 

.0350 

11,530 

2095 

2.524 

3.72 

29 

.410 

1.405 

621.6 

403 

5.952 

790 

.0351 

12.120 

2015 

2.541 

4.10 

30 

0,508 

2.241 

924.0 

462 

2.010 

609 

0.0553 

JIoS? 

799 

2.475 

1.38 

31 

.504 

2.231 

922.3 

465 

2.289 

632 

.0516 

4,572 

880 

2.511 

1.53 

52 

.508 

1.780 

926.1 

463 - 

2.600 

653 

.0449 

5,243 

1040 

2.486 

1.79 

33 

.510 

1.783 

928.9 

463 

2.809 

666 

.0433 

5,679 

1110 

2.494 

1.8N 

34 

.504 

2.202 

920.3 

464 

3.429 

708 

.0450 

7,098 

1320 

2.512 

2.26 

35 

.511 

1.779 

918.2 

458 . 

3.870 

728 . 

.0414 

7,647 

1470 

2.523 

2.54 

36 

.508 

1.783 

919.9 

461 . 

4.733 

767 

.0374 

9,630 

1735 

2.512 

3.06 

37 

.512 

2.202 

916.9 

457 

4.930 

788 

.0367 

10,040 

1765 

2.509 

3.16 

38 

.504 

2.212 

913.1 

461 

5.636 

851 

.0350 

11,490 

2095 

2.517 

3.67 

39 

.507 

1.796 

924.0 

463 

5.602 

863 

.0342 

11.430 

2105 

2.523 

3.67 

40 

0.604 

1.774 

Ills 

468 . 

2.202 

631 

0.0501 

4,412 

865 

2.369 

1.56 

41 

.599 

1,764 

1107 

468 

2.829 

673 

.0428 

5,719 

Ills 

2.490 

1.88 

42 

.602 

1.774 

1106 

466 

4.120 

752 

.0413 

8,355 

1580 

2.508 

2.67 

43 

.598 

1.763 

1100 

466 

5.193 

821 

.0559 

10,580 

1910 

2.507 

3.31 

44 

.598 

1.777 

1100 

467 

5.553 

854 

.0350 

11,320 

2095 

2.516 

3.60 

45 

.598 

1.860 

1100 

466 

5.581 

857 

.0347 

11,380 

2115 

2.510 

3.63 

46 

.599 

1.543 

1094 

464 

5.582 

855 

.0360 

11.370 

2095 

2.511 

3.61 

47 

73".‘5B5 

2.341' 

2020 

516 

2.015 

679 

0.0523 

4'6iS" 

865 

2.496 

1.34 

48 

.944 

2.344 

2018 

523 

2.137 

697 

.0522 

4,264 

923 

2.516 

1.41 

49 

.959 

2.334 

2014 

516 

g.974 

749 

.0419 

6,018 

1280 

2.521 

1.95 

50 

.938 

2.323 

2000 

522 

4.209 

844 

.0408 

8,537 

1790 

2.502 

2.70 

51 

.948 

2.577 

2000 

518 

5.083 

899 

.0362 

10,360 

2060 

2.505 

3.19 

52 

.953 

2.328 

2006 

517 

5.247 

910 

.0363 

10,690 

2130 

2.502 

3.29 
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ENGINE OPERATING CONDITIONS 


Engine 

total 

prea- 

sure 

ratio 

P 7 

Cor- 

rected 

engine 

speed 

N 

(rpm) 

Cor- 
rected 
oom- 
preasor 
air flow 
’^a.2V5i 

Con- 

preBSor 

effi- 

ciency 

Vc 

Com- 

bustor 

effi- 

ciency 

Tfb 

Cor- 

rected 

coin- 

buBtion 

parameter 

P4^ 

Cor- 
rected 
turbine 
gaa flow 

Tur- 

bine 

effi- 

ciency 

^Jt 

Cor- 

rected 

fuel 

flow 

H 

Cor- 

rected 

jet 

thruat 

para- 

meter 

F.1+P0*J 

Rvin 

\eec j 

®2a/®2 

fe) 

®2 

@l«) 


®2 

(15) 

1.054 

6147 

57.7 

0.731 

0.753 

49.62x10^ 

37.2 

0.790 

2100 

1100 

4,760 

1 

1.121 

6366 

62.6 

.778 

.733 

57.40 

36.5 

.792 

2390 

1115 

5,110 

2 

1.243 

6615 

67.5 

.790 

.810 

68.01 

36.2 

.789 

2710 

1205 

5,690 

5 

1.304 

6674 

68.1 

.777 

.940 

70.34 

37.1 

.786 

2700 

1305 

5,980 

4 

1.668 

7354 

78.3 

.772 

.942 

103.6 

36.8 

.790 

4390 

1625 

7,600 

5 

1.942 

7919 

85.3 

.754 

.921 

130.5 

36.8 

.788 

6030 

1865 

8,830 ■ 

6 

2.119 

8442 

88.3 

.733 

.898 

152.97 

36.1 

.789 

7280 

2030 

9,560 

7 

2.251 

9025 

88.8 

.687 


176.5 

35.2 


BI7k?SB 





6221 

61.0 

0.766 

0.868 

53.37 

36.7 

0.809 

1890 

1095 



1.305 

6723 

89.9 

.794 

.927 

71.89 

36.4 

.807 

2540 

1240 

5,970 


1.713 

7459 

83.0 

.788 

.946 

106.2 

36.9 

.800 

4440 

1585 

7,890 


1.926 

7935 

86.9 

ti 3 

.929 

128.6 

36.3 

.799 

5600 

1770 

8,760 

12 

2.104 

8488 

90.0 

S S 

.921 

148.17. 

36.6 

.791 

6990 

1990 

9,610 

13 

2.234 

9089 

90.8 


.907 

170.0 

35.9 

.803 

6100 

2165 

10.130 

14 

.7214 

5508 

49.8 

0.647 

0.655 

27.53 


0.824 

651 

702 

3,260 


.8977 

5881 

56.9 

.738 

.841 

38.9 


.816 

1060 

861 

4,070 

pi B 

.8563 

5891 

57.0 

.729 

.859 

36.6 


.812 

957 

834 

3,950 

pi rl 

1.067 

6074 

59.8 

.761 

.898 

47.90 

37.1 

.814 

1580 

1030 

4,800 

18 

1.076 

6329 

65.4 

.766 

.948 

53.19 

36.6 • 

.814 

1580 

1010 

4,950 

19 

1.289 

6650 

70.3 

.794 

.943 

67.81 

37-1 

.805 

2450 

1220 

5,910 

20 

1.257 

6668 

70.9 

.793 

.968 

67.01 

36.9 

.814 

2280 

1175 

5,770 

21. 

1.382 

6911 

75.3 

.794 

.947 

77.52 

36.8 

.813 

2830 

1280 

6,370 

22 

1.667 

7416 

82.7 

.793 

.957 

101.5 

36.6 

.606 

4100 

1520 

7,680 

23 

1.799 


86.8 

.788 

.949 

113.5 

36.8 

.809 

4790 

1610 

8,250 

24 

1.855 

7729 

86.8 

.788 

.941 

120.7 

36.3 

.807 

5050 

1655 

6,380 

25 

1.992 

8227 

90.5 

.757 

.947 

134,5 

36.6 

.811 

5930 

1810 

9,160 

26 

2.058 

8459 

91.6 

.744 

.941 

141.3 

38.7 

.811 

6470 

1875 

9,420 

27 

2.105 

8512 

91.1 

-742 

.932 

149.6 

36.1 


6800 

1930 

9,510 

28 

2.210 

9085 

92.1 


.933 

162.9 

36.6 


7780 

2125 

10.140 

29 

.7545 

5638 

■K-faiTH 

0.693 

0.744 

30.65 

36.0 

0.822 

634 

714 

3,420 


.8451 

5867 


.742 

.875 

36.31 

36.7 

.821 

841 

792 

3,890 

El 

.9800 

6106 


,763 

.924 

45.21 

36.7 

.812 

1160 

927 

4,490 

la 

1.050 

6276 

64.6 

.783 

.941 

50.55 

36.7 

.616 

1470 

982 

4,830 

33 

1.268 

6695 

71.7 

.803 

.971 

71.20 

36.7 

.815 

2250 

1170 

5,810 

34 

1.432 

6995 

76.8 

.799 

.949 

81,67 

36.7 

.809 

3040 

1320 

6,590 

35 - 

1.762 

7604 

86.1 

.787 

.956 

110.1 

36.9 

.811 

4620 

1585 

8,100 

36 

1.839 

7731 

87.2 


.952 

118.0 

36.5 

.806 

4940 

1635 

8,360 

37 

2.101 

8462 

91.5 


.929 

147,9 

36.1 

.808 

6680 

1905 

9,480 

38 

2.088 

8478 

92.2 


.931 

145.5 

36.6 

.801 

Urif-lia 

1905 

9.540 

39 


5759 


mtwtif'-nm 

0.865 

1 

36.6 

0.833 

849 

810 

3,900 


1.059 

6272 

Km 

.789 

.958 


36.0 

.824 

1420 

977 

4,810 


1.530 

7133 


.810 

.944 

E!! 1 

36.2 

.809 

3390 

1385 

6,950 

Ea 

1.937 

7952 

89.7 

.784 

.951 


36.4 

.808 

5480 

1715 

8,620 


2.069 

8424 

91.3 

.755 

.950 


36.2 

.809 

6340 

1870 

9,390 

44 

2.087 

8467 

91.3 

.752 

.945 


36.1 

.612 

6440 

1880 

9,430 

45 

2.086 

8488 

91.6 

.747 

.934 







46 


5646 

53.9 

0.699 

0.938 

30.29 

36.0 

0.830 

456 

695 

3,410 

47 

.7879 

57-44 

56.1 

.729 

.942 

32.89 

36.3 

.827 

563 

729 

3,600 

48 

1.098 

6395 

67.0 

.806 

.965 

55.04 

36.1 

.818 

1560 

1000 ' 

5,010 

49 

1.568 

7200 

80.5 

.818 

.949 

92.74 

36.4 

.809 

3570 

1400 

7,110 

50 

1.900 

7856 

89.3 

.796 

.942 

123.3 

36.4 

.813 

5280 

1655 

6,600 

51 

1.960 

8030 

90.7 

.789 

.938 

129.3 

36.4 

.816 

5670 


8.880 

_52_ 
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TABLE II - REYNOLDS NUMBER INDEX VARIATION WITH 
PLIGHT MACH NUMBER AND ALTITUDE 
Qoo Percent ram-pressure recovery sBsumed^ 


Altitude 

(ft) 

PlAght"' 

Mach 

number 

«0 

Pres- 

sure 

ratio 

6 

Tem- 

pera- 

ture 

ratio 

9 

^s- 

coslty 

ratio 

P 

Reynolds 

number 

Index 

Altitude 

(ft) 

'plight 

Kach 

number 

Pres- 

sure 

ratio 

& 

pera- 

ture 

r&tlo 

6 

Vis- 

cosity 

ratio 

p 

Rsynolds 

number 

Index 

0 

0 

l.OOO 

i.odo 

1.000 

l.diio ' 

30,000 

0.6 

0.3787 

0.6509 

0.3862 

0.4633 


.1 

1,007 

1.002 

1.002 

1.004 


.7 

• 4116 

.8716 

,9029 

.4686 


.s 

1.028 

1.003 

1.006 

1.018 _ _ 


.3 

.4522 

.3964 

.9207 

,5190 


.3 

1.064 

1.018 

1.013 

1.041 


.9 

.5019 

.9222 

.9416 

,5551 



1.117 

1.052 

1.023 

1.075 


l.O 

.6619 

.9624 

^9665 

.5964 


.5 

1.196 

1.050 

1.036 

1.117 

35,000 

0 

0.2362 

0.7596 

0.8149 

0.3312 


.e 

1.276 

1.072 

1.051 

1.173 


.1 

.2368 

.7611 

.9164 

.3325 


,7 

1.537 

1.096 

1.069 

1.238 


.2 

.2418 

.7656 

.3196 

.3372 


.3 

1.524 

1.128 

1.090 

1,316 


.3 

.2502 

.7732 

.9257 

•3446 


.0 

1.691 

1.162 

1.117 

1.404 


.4 

.2627 

.7838 

.3337 

.5559 


1.0 

1.393 

1.200 

1.141 

1.516 


.5 

.2789 

.7P7.S 

.9443 

.3699 

8,000 

0 

0.3318 

0.9657 

0.9763 

0.3679 


.6 

.3001 

.8141 

.3576 

.3678 


.1 

.3374 

.9676 

.9764 

.8718 


.7 

..32G2 

.6339 

.8727 

.4095 


.0 

.9564 

,9734 

.9809 

,6839 


.3 

.3P83 

.9566 

,3910 

,4345 


.5 

.9052 

.9830 

.9875 

.9041 


.9 

.3977 

.3825 

.9111 

.4647 


• 4 

.9291 

.9966 

.9973 

.9333 


1.0 

.4452 

.9112 

.9334 

.4997 


.5 

.9869 

1.014 

i.oia 

.9703 

40,000 

0 

'o'risss' 

0.7572 

0.3l30 

0.2610 


.6 

1.061 

1.035 

1.025 

1.018 


.1 

.1866 

.7588 

.3141 

,2631 


.7 

1.154 

1.060 

1.044 

1.073 


.2 

.1905 

.7632 

.9176 

.2C67 


.3 

1.263 

1,089 

1.064 

1.141 


.5 

.1972 

,7709 

.8239 

.2726 


.9 

1.407 

1.122 

1.086 

1.223 


.4 

.8070 

.7815 

.9521 

.2814 


1.0 

1.575 

1,169 

1.117 

1.309 


.5 

.2198 

.7950 

.8430 

.2924 

10,000 

0 

0.6S81 

0.9312 

0.9491 

0.7513. 


.6 

.9364 

,9118 

.3562 

.5065 


.1 

.6925 

.9331 

.9604 

.7641 


.7 

.2570 

.3314 

.3714 

.3235 


.2 

.7076 

,9387 

.9549 

.7647 


.8 

.2824 

.0639 

.3889 

.3438 


.3 

.7320 

.9460 

,9621 

.7814 


.9 

.3134 

.8798 

.9090 

.3676 


.4 

.7684 

.9609 

.9714 

.8069 - - 


1.0 

.3305 

.9035 


.3951 


.5 

.8157 

.9776 

.9836 

.8333 

4s,o66 

0 

d.iissi 

0,7572 

o.MSo 

0.2062 


.6 

.3776 

.9983 

,9989 

.8794 


.1 

.1469 

.7568 

.3141 

.2071 


.7 

.9642 

1.022 

1.018 

.9291 


.2 

.1300 

.7632 

.8175 

.2100 


.8 

1.040 

l.OSO 

1.057 

.9869 


.3 

.1552 

.7709 

.8259 

.2145 


.9 

1.163 

1.062 

1.058 

1.057 


.4 

.1630 

.7815 

.8321 

.2216 


1.0 

1.302 

1.117 

1.083 

1.137 


.5 

.1750 

.7950 

• 8430 

.2302 

15,000 

0 

0.8645 

0,3969 

0.0223 

0.6461 


.6 

.1862 

.8118 

.8362 

.2414 


.1 

• 5681 

.8987 

,9233 

.6490 


.7 

.2024 

.6314 

,8714 

.2548 


.2 

.5799 

.9040 

,9281 

.6572 


.0 

.2224 

.8559 

.8889 

.2708 


.5 

• 6002 

.9131 

.9347 

.8720 


.9 

.2467 

,8798 

.9090 

.2894 


.4 

.6300 

.9256 

.9448 

,6931 


1.0 

.2762 

.9085 

.9310. 

.3112 


• 5 

.6692 

.9416 

.95 70 

,7206 

5O,OO0 

Q 

0.1149 

0.7578 

0.83 30 

0.1624 


.6 

.7198 

.9615 

.9719 

.7653 


.1 

,1157 

,7580 

.8141 

.1631 


.7 

,7826 

,9648 

,9391 

.7973 


.2 

.llBl 

.7532 

.9176 

.1664 


.8 

• 8601 

1.012 

1,008 

,8482 


.3 

.1223 

,7709 

.3239 

.1691 


.9 

.9642 

1.042 

1.031 

.9062 


.4 

.1284 

.7815 

.9321 

.1746 


1.0 

1.068 

1.076 

1.055 

.9762 


.5 

,1362 

,7960 

.8430 

.1812 

20,000 

0 

0.4596 

0.8626 

0.896Q 

0.5623 


,6 

.1466 

.9118 

.a'. 62 

.1900 


.1 

.4629 

.9644 

.8966 

.6553 


.7 

,1594 

.3314 

.8714 

.2006 


.2 

.4726 

• 6696 

.0016 

.5622 


.8 

.1751 

.8539 

.8889 

.2132 


.3 

.4891 

,8780 

.9072 

.5754 


• 9 

.1943 

.8798 

,9090 

.2279 


.4 

.5132 

.8902 

.9172 

.5930 


1.0 

.2175 

^085. 

,a3io 

.2451 


.6 

• 5454 

.9068 

.9289 

.6170 

66,000 

0 

0.O9O5 

oTisTa 

b.eisol 

to. 1270 


.6 

.6865 

.9247 

.9440 

.6461 


.1 

,0911 

.7588 

.8141 

.1285 


.7 

.6375 

.9470 

.9610 

.6817 


.2 

.0930 

.7632 

.8175 

.1302 


.3 

.7004 

.9728 

.0798 

.7248 


.3 

• 0963 

.7709 

,3239 

.1331 


.9 

.7769 

1.002 

1.002 

.7746 


.4 

.1011 

.7816 

.8521 

.1374 


1.0 

.8700 

1.036 

1.026 

.8341 


.5 

.1073 

.7960 

.8450 

.1428 

26,000 

0 

0.5710 

0.3281 

0.8682 

0.4696 


.6 

.1156 

.8118 

• 8562 

,1497 


.1 

.5757 

.8299 

.8700 

.4715 


.7 

.1265 

.3314 

.8714 

.1580 


.2 

.3814 

.8347 

.8740 

.4776 


.8 

.1376 

.8539 

.6689 

.1679 


.3 

.5948 

• 8430 

• 8804 

.4884 


.9 

.1530 

.0798 

,9090 

.1795 


.4 

.4146 

.8545 

• 8891 

• 5043 


1.0 

.171*3 


.9»g 



.5 

.4599 

• 3696 

.9016 

.6233 


0 — ■ 

0.0713 

b.7572 

0.8150 

o.iooa 


.6 

,4731 

.8877 

.9151 

.5487 


.1 

.0717 

.7568 

.8141 

.1011 


.7 

.5147 

.9092 

.9316 

,5794 


.2 

.0755 

,7632 

.3175 

,1025 


.8 

.5667 

.9339 

.9615 

.6152 


.3 

.0758 

.7709 

.8239 

• 1048 


.9 

.6276 

.9620 

.9724 

.6681 



,0796 

.7816 

.3321 

.1082 


1.0 

.7023 

.9934 

^.9960 

.7002 


.5 

,0846 

.7950 

.8450 

.1124 

30,000 

0 

0.2968 

0.7938 

0,8414 

0,3959 


.6 

.0909 

.8118 

.8562 

.1178 


.1 

.2989 

.7954 

.8430 

.3975 


.7 

.0988 

.8314 

.8714 

.1244 


.2 

.5052 

.8002 

.8469 

.4029 


.8 

.1086 

• 6539 

.8889 

.1322 


.3 

.3156 

.8081 

.3525 

,4121 


.9 

.1205 

.6798 

.0090 

.1413 


.4 

,3315 

.8193 

.8621 

.4248 


1.0 

.134 9 

.9066 

,9310 

.1520 


•n 

.3519 

,8335 

.8727 

.4416 
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yigure 3. - Iiooatlon of JnBtroaerttatlon stations . 
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(a) Station 1^ engine Inlet. 


Figure 4. - Details of Instruioentatlon. 



(All dlrnsnalons In Inches.) 
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(1)} Station 2, oampreBBor Inlet. 


CD. 2455 


Figure 4. - Continued. Betalla of Inetrmoentatlon. (All (Hmenfllona In InoheB.) 
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(o) Station. 3, comprassor discharge. 


Figure 4. - Continued. Detail ft of instrumentation. (All dimenaions in Inches.) 
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(d) Station. 6, tarijine dlscbang^* 


Figure 4. - Continued. 


Details of instrumentation. 


(All dimensions In inch.es.) 
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(e) Station 7, eihaust-nozzle Inlet. 

Figure 4. - Concluded. Detatla of Instrumantation. (All dimensions in Indies.) 




Corrected engine speed, W/>/0 



Figure 5 . - Minimum corrected engine speed at which critical flow existed in eaiiauat nozzle . 
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Figure 6. - Continued. Effect of Reynolds number index on compressor performance 
characteristics. (Reynolds mmber index at sea-level static conditions, 1.0.) 



Compreasor presaure ratio, P3/P2 
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Corrected air flov, It/aec 


(c) Variation, of compreasor pressure ratio with corrected air flow. 

Figure 6 . - Continued. Effect of Reynolds number index on cozapressor perform- 
ance cliaracterlstics . ( Reynolds number Ind^ at sea-level static conditions , 

1 . 0 .) 
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(d) Variation of compressor pressure ratio with corrected 
engine speed. 


Figure 6. - Concluded. Effect of Reynolds number index on conqjressor per- 
formance characteristics. (Reynolds number index at sea-leTel conditions ^ 
1 . 0 .) 
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(c) Variation of corrected combustion parameter vlth 
corrected engine speed. 


Figure 8. - Concluded. Effect of Reynolds numiber Index on combustor 

performance. (Reynolds number Index at sea-level static conditions, 1.0.) 
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(a) Variation of turbine total -pres sure ratio 



(b) Variation of turbine efficiency vlth cor- 



5000 6000 7000 8000 9000 10 j 000 

Corrected engine speed, , rpm 

(c) Variation of corrected turbine gas flow with 
corrected engine speed. 

Figure 9. - Effect of Reynolds number index on turbine performance . (Reyr 
nolds number index at sea-level static conditions, 1.0.) 



Corrected exhaust-gas total temperature, 
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(a) Variation of corrected exhaust-gas total ten^erature 
with corrected engine speed. 

Figure 10. - Effect of Reynolds number Index on generalized engine perform- 
ance. (Reynolds number Index at sea-level static conditions, 1.0.) 
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(Td) Variation of corrected, fuel flow with corrected 
engine speed. 


Figure 10. - Continued. Effect of Seynolds number index on generalized 
engine performance. (Reynolds number index at sea- level static con- 
ditions ,1.0.) 



Engine total -pressure ratio, P 7 /P 2 
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(c) Engine pumping characteristics. 


Figure 10. - Continued. Effect of Reynolds number index on generalized engine performance. 



Corrected jet-thrust parameter; (Fj+PoA^)/82> 
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(d) Variation of corrected Jet-thrust parameter with, 
corrected engine speed. 


Figure 10 . - Concluded. Effect of Beynolds number index on generalized 
engine performance. (Reynolds number index at sea-level static con- 
ditions, 1.0.) 






